Background: Globally, of the 248 million people chronically infected with the hepatitis B virus (HBV), 74 million reside in China. Five oral nucleot(s)ide analogs (NUCs) have been approved for the treatment of chronic hepatitis B (CHB) in China. Objectives: The aims of this study were to determine rates of adherence to NUC therapy in patients with CHB, to identify the self-perceived barriers to adherence, and to examine the factors associated with adherence. Methods: Questionnaire-based interviews were administered among Chinese patients with CHB at hepatology clinics of a tertiary hospital in the city of Wuhan, China. Adults aged 18 years or older prescribed with NUCs were recruited and interviewed to complete a 27-item questionnaire in a private setting, and adherence was measured using the Morisky Medication Adherence Scale (MMAS-8).
Background
Hepatitis B virus (HBV) infection is endemic in China. Globally, China is among the countries with a high prevalence of HBV infection. Of the 248 million people who are chronically infected with HBV worldwide, approximately 74 million reside in China [1] . The biggest health concerns of HBV infection are risks associated with chronic hepatitis, including cirrhosis, liver failure and hepatocellular carcinoma (HCC) [2] . It is estimated that 85% of HCC cases in China are HBV-related [3] , and China accounts for half of the total number of liver cancer cases and deaths worldwide [4] . Five oral nucleot(s)ide analogs (NUCs), conventional interferon alpha (IFN-α), and two formulations of pegylated interferon alpha (PEG-IFNα) have been approved for treating chronic hepatitis B (CHB) infection in China [5] . Based on guidelines established by the Chinese Society of Hepatology and Chinese Society of Infectious Diseases, all NUCs are recommended as first-choice treatments [6] . On the other hand, according to the American Association for the Study of Liver Disease (AASLD) and several international guidelines, entecavir and tenofovir are recommended as the firstline of NUC therapy in the treatment of CHB [7, 8] . Although randomized clinical trials have demonstrated that entecavir and tenofovir have low incidence of drug resistance and a potent antiviral effect [5] , due to the high costs of these medications and inadequate medical insurance coverage, entecavir and tenofovir are not affordable or reimbursable for many Chinese patients. Therefore, low-to-moderate generic barrier drugs, including lamivudine, telbivudine, and adefovir dipivoxil are still commonly used in China [9, 10] .
Adherence to antiviral therapy is fundamental for the clinical management of patients with CHB [11, 12] . Long-term viral suppression was found to be associated with histologic improvement in the reduction of fibrosis and ultimately regression of cirrhosis [13] . Furthermore, a study has demonstrated that adult patients with CHB need over 2 years of NUC treatment to reduce risk of cirrhosis, HCC or CHB-related death [14] . In order to achieve and maintain virologic suppression, avoid virologic breakthrough, and attain undetectable levels of HBV DNA, optimal medication adherence is essential [15] . Antiviral therapy functions to prevent, delay, and reverse disease progression, leading to improved disease management and ultimately result in better survival [16] .
A limited number of studies have utilized questionnaires to investigate the adherence to HBV antiviral therapy and factors associated with adherence [17] [18] [19] ; however, these studies were limited to small sample sizes. Additionally, there is a lack of research focused to assess the self-perceived barriers and facilitators for adherence to HBV antiviral therapy. Since China has a high prevalence of CHB infection, it is crucial to understand the adherence and obstacles for HBV treatment using a validated instrument. Findings generated from this study could potentially be utilized in developing strategic preventive measures to improve medication adherence in regions of the world with a high prevalence of HBV infection. The aims of this study were to (i) determine rates of adherence to NUC antiviral therapy using the Morisky Medication Adherence Scale in Chinese patients with CHB, (ii) identify the self-perceived barriers to NUC adherence, and (iii) investigate the impact of sociodemographic and clinical factors, as well as treatment-related factors and perceptions of disease on NUC adherence.
Methods

Study design and data collection
This cross-sectional study was conducted from February to May 2017 at the Department of Hepatology of Hubei Third People's Hospital, Wuhan, China. The Hubei Third People's Hospital is a large tertiary hospital with areas in medicine, research, teaching, prevention and rehabilitation. It serves as the national base of standardized residency training and the national base of clinical trials for drug development. The study utilized a structured questionnaire, which was designed based on the opinions' from experts in hepatology and previous studies on HBV medication adherence [17, 18] . The source population comprised CHB patients who were prescribed with one or more NUCs, and eligible participants consisted of adults aged 18 years or older. Patients co-infected with hepatitis C, hepatitis D or human immunodeficiency virus, pregnant patients, and patients prescribed with NUCs less than 3 months ago were excluded. A pilot test of 30 patients was conducted to determine the feasibility and suitability of the questionnaire, and adjustments of the questionnaire were made accordingly. An interview-based, rather than a self-administered questionnaire was conducted to reduce the likelihood of participants skipping questions. Informed consent was obtained from all participants and in-person interviews were conducted in a private setting by a hepatologist in the hepatology clinics.
Measures and assessment
The questionnaire comprised four sections. Section I consisted of 9 multiple-choice and fill-in-the-blank questions concerning basic sociodemographic and clinical information. The factors of interest included age, gender, current region of residence, education level, annual household income, medical insurance status, duration of known HBV infection, liver cirrhosis status, and the presence of other chronic diseases. In China, three main types of social medical insurance programs have been established: Urban Employee's Basic Medical Insurance (UEBMI) works to cover insurance for the urban working population, Urban Resident Basic Medical Insurance (URBMI) provides care for the unemployed urban residents, and New Rural Cooperative Medical System (NCMS) provides financial subsidies for residents from rural regions [20] .
Medication adherence was assessed by the 8-item Morisky Medication Adherence Scale (MMAS-8) in Section II of the questionnaire [21] . The MMAS-8 is a simple, reliable, and widely used instrument for determining adherence to prescribed medications [22] . The MMAS-8 has been demonstrated to be useful in identifying low adherence in clinical settings [23] . Moreover, a previous study has utilized the MMAS-8 to examine adherence to HBV treatment [24] . The Morisky Scale is comprised eight questions (score range: 0-8), with each item measuring a specific medication adherence behavior. The first seven items are Yes-or-No questions and the last item has five options. Adherence levels of high, medium, and low are defined with MMAS-8 scores of 8 points, 6 to <8 points, and <6 points, respectively. The validated Chinese translation was provided by Prof. Donald E. Morisky, as well as permission to use this scale. In Section III of the questionnaire, patients with moderate or low adherence were asked to choose the barrier(s) for taking NUCs or reason(s) for skipping NUCs.
The last section comprised 10 questions concerning treatment regimen and patient perceptions. Treatment-related questions consisted of type of NUC taken, duration of current antiviral therapy, use of other medications for treating HBV, number of other prescribed pills taken daily (exclude all medications used for HBV treatment), follow-up regularly at the clinic, understanding the physicians' recommendations, use of memory aids (e.g. clock alarm, phone alarm), and reminders from family members. In addition, participants were interviewed about their perceptions of disease condition and current health condition in general.
Statistical analysis
Data collected were coded and analyzed using SAS 9.4 (SAS Institute Inc., Cary, NC). A value of P < .05 in a two-tailed test was considered statistically significant. Descriptive statistics were performed, and variables were expressed as frequencies and percentages. The association of sociodemographic and clinical factors, as well as treatment-related factors and perceptions of disease with medication adherence levels were examined using χ 2 test or Fisher Exact test. A multinominal logistic regression model with stepwise model selection (inclusion with P < .10) using 'high adherence' group as reference category was built to determine the independent predictors for medication adherence, and all factors (listed in Tables 1 and 2) were inserted into the model. The adjusted odds ratio (OR) and 95% confidence intervals (CI) were generated in the final model.
Results
Patient characteristics
A total of 369 valid questionnaires were collected, with a response rate of 92.5%. The mean age of the participants was 49.1 ± 13.3 years, and the average duration of known HBV infection and duration of current antiviral therapy were 12.7 ± 9.4 years and 64.5 ± 55.4 months, respectively. The majority of patients were males (65.3%), resided in urban regions (80.8%), graduated with a highest degree from high school (52.9%), had annual household income of 80K RMB (USD~$12.7K) or lower (77.0%), had the Table 1 . A comparison of adherence to HBV antiviral therapy by patient sociodemographic and clinical characteristics (n = 369). UEBMI medical insurance (68.6%), were non-cirrhotic (68.0%), and did not present other chronic diseases (60.7%) ( Table 1) . A variety of treatment regimens were prescribed, with 337 patients on NUC monotherapy and 32 patients on NUC combination therapy. The majority of patients received entecavir (n = 224, 60.7%), followed by adefovir (n = 100, 27.1%), lamivudine (n = 45, 12.2%), telbivudine (n = 31, 8.4%) and tenofovir (n = 1, 0.3%). In addition, 28 patients (7.6%) received entecavir plus adefovir, and 4 patients (1.1%) received lamivudine plus adefovir.
Medication adherence rates
Adherence rates were determined using the Morisky Medication Adherence Scale (Appendix 
Factors associated with medication adherence
The association of patient sociodemographic and clinical factors with medication adherence was generated from univariate analysis. As shown in Table 1 , adherence was significantly associated with region of residence (P < .001), education level (P < .001), Table 2 . A comparison of adherence to HBV antiviral therapy by treatment-related characteristics and perceptions of disease (n = 369).
Characteristics
High Adherence (n = 61) n (%)
Medium Adherence (n = 119) n (%)
Low Adherence (n = 189) n (%) annual household income (P = .003), type of medical insurance (P < .001) and cirrhosis status (P < .001). Patients with education level of college or above, annual household income of greater than 150K RMB (USD~$23.7K), UEBMI medical insurance, as well as patients without cirrhosis and resided in urban regions were more likely to have high adherence. Table 2 presents the association of treatmentrelated factors and perceptions of disease with medication adherence. Adherence was significantly associated with duration of current antiviral therapy (P = .02), number of other prescribed pills taken daily (P = .016), follow up regularly at the clinic (P = .016), reminders from family members (P = .049), and perception of current health condition (P = .021). As shown, patients with a shorter duration of current treatment at 0-24 months, not using other prescribed pills, followed up regularly at the clinic, received reminders from family members, and perceived their current health condition to be very good were more likely to have high adherence. Table 3 illustrates the results from logistic regression analysis on the determinants of medication adherence. Region of residence, cirrhosis status, number of other prescribed pills taken daily, and reminders from family members were significant predictors of adherence to NUCs. Patients residing in urban regions were 4.88 times (OR: 0.21; 95% CI: 0.07-0.57; P = .002) more likely of having high adherence as opposed to low adherence compared to patients from rural regions. Likewise, cirrhotic patients were 3.17 times (OR: 3.17; 95% CI: 1.26-7.95; P = .014) more likely to have low adherence than high adherence compared to patients without cirrhosis. Patients receiving reminders from family members were 3.13 times (OR: 0.32; 95% CI: 0.16-0.66; P = .002) more likely to belong to the high adherence group. Additionally, compared to patients not using other prescribed pills, those taking 2 or more other prescribed pills daily were more likely to report medium (OR: 4.64; 95% CI: 1.09-19.80; P = .038) or low adherence (OR: 5.45; 95% CI: 1.36-21.81; P = .017) as opposed to high adherence.
Predictors of medication adherence
Perceived barriers toward medication adherence
The frequencies of self-perceived barriers were analyzed and are described in Table 4 . The top five reasons for skipping NUCs were that 'Medication(s) are expensive and difficult to afford' (48.7%), 'Forgetfulness' (45.1%), 'Have experienced or worry All factors from Tables 1 and 2 were examined in stepwise model selection. ¶ HBV medications are not included. 
Discussion
To our knowledge, this is the largest study utilizing self-report questionnaires to access the adherence and self-perceived barriers to HBV oral antiviral therapy. Based on our findings, adherence to NUCs among patients with CHB was found to be very poor, with 51.2% of patients reported to have low adherence. In comparison, a similar study that utilized structured questionnaires and conducted in Australia found that 74.1% of patients reported an adherence rate of 100% [18] , while 66% and 52% of patients in similar studies conducted in the United States and the Netherlands were measured with an adherence rate of 90% [17, 19] . In contrast, only 16.5% of patients from this study scored an adherence of 100%. Chotiyaputta et al. [17] observed that 73% of patients reported they did not miss a single dose of medication during the past 30 days, whereas we found that just 65.3% of patients did not miss taking medication(s) during the past 2 weeks. Furthermore, rates of high adherence reported in secondary studies that used pharmacy and medical records were also significantly higher than rate observed in our study [11, [25] [26] [27] . It is widely known that major gaps in the economic development and health disparities exist between urban and rural regions in China [28] . Our findings demonstrated that urban residents were significantly more likely to have high adherence compared to residents from rural regions. In China, rural patients with CHB often have issues in accessing quality health services due to the lack of specialized clinical services established in rural areas [29] . The majority of quality hospitals are located in the urban regions with better trained healthcare professionals and more advanced technology [30] . Furthermore, HBV has been considered as an economically catastrophic disease, and costs of treatment are a major burden for rural patients [29] . An estimated figure has shown that less than 5% of rural patients are able to afford 1 year of treatment as opposed to 40% of patients in more developed regions [29] . In addition to issues concerning accessibility and costs of treatment, Chinese patients in rural regions also have poor health awareness; many infected-individuals are unaware of their HBV infection until symptoms appear [31, 32] .
The finding that cirrhotic patients were less adherent to NUCs may be explained by that patients who had better treatment adherence were less likely to develop cirrhosis. Furthermore, our results illustrated that patients taking 2 or more other prescribed pills on a daily basis were cited to be more likely of having low adherence. Four studies that investigated medication nonadherence among elderly populations prescribed with various medications have shown that a greater number of drugs was associated with worse adherence [33] . In a large-scale study, researchers examined the effect of previous prescription burden on adherence rates when antihypertensive or lipidlowering therapy was added, and found that rates dropped to 41%, 30% and 20% among patients who received 0, 2, and 10 or more previous medications, respectively [34] . Polypharmacy is associated with nonadherence due to a number of factors, including regimen complexity, time and commitment, treatment costs, financial reimbursement, difficulty in managing co-existing illnesses, side effects, multiple prescribers, access to care, etc. [35] .
Consistent with our findings, numerous studies have found a positive relationship between family support interventions and medication adherence [36] . A lack of family and social support has shown to be a predictive factor of nonadherence among patients treated for chronic illnesses [36] , and research on the adherence to type II diabetes treatment demonstrated that family support was the strongest predictor of adherence [37] . Results generated from univariate analysis indicated that higher annual household income was significantly associated with better adherence, and Chotiyaputta et al. [17] also observed similar result. In contrast, while studies have observed that patients with poor adherence were more likely to be younger [17, 19, 27] , an association between age and adherence was not found in this study, which may be explained by racial and ethnic differences in the study populations.
'Medication(s) are expensive and difficult to afford' was the most common reason for skipping NUCs. Over 60% of total patients in this study were prescribed with entecavir, which is known for its unaffordability to many Chinese patients [11] . Moreover, among the 182 patients who were prescribed with entecavir and were also measured with medium or low adherence, approximately half of them (50.5%) indicated 'Medication(s) are expensive and difficult to afford' and/or 'Insurance does not provide coverage when cost exceeds the limit' as the barrier for taking NUCs. Although entecavir has a higher cost, research has shown that entecavir is still more cost-effective than other NUCs [38] . One study evaluated the cost-effectiveness of NUCs in China, and assessed the thresholds at which the drugs would be cost-saving to the national treatment program [39] . The investigators found that generic entecavir would be the most cost-effective therapy unless the cost of tenofovir drops. Currently, several pharmaceutical companies in China are producing generic versions of entecavir, and the lowest reported price is at $1,258 (~7,955 RMB) per person-year or $105 (~664 RMB) per person-month [40] . Additionally, one study that estimated the cost of manufacturing generic entecavir at a minimum target price found that generic entecavir could actually be produced at $36 (~228 RMB) per person-year or $3 (~19 RMB) per person-month, which is substantially lower than the current price [40] . Since the patent for entecavir has expired, it would be cost-effective for the government to enter into negotiations with generic drug manufacturers of entecavir to obtain a less costly drug. Within a competitive market, an affordable and large-scale treatment system could provide immense health benefits to patients with CHB.
Another common barrier of medication adherence was 'Forgetfulness', which was cited as the main reason for skipping NUCs in the study conducted in Australia [18] . Forgetfulness can be partly dealt through providing reminders, such as from families and close friends, and the use of alarm clocks or automated text messages [41] . Nonetheless, forgetfulness can be influenced by cognitive factors [18] , including a lack of awareness and knowledge concerning the health risks associated with disease condition. Therefore, healthcare providers should actively inform patients about the importance of adhering to antiviral therapy and the potential consequences for skipping NUCs. One study based on a review of medical records of 69 immigrant patients in Chicago discovered that concerns about the longterm safety of NUCs was cited as one of the main barriers to treatment initiation and one of the main reasons for treatment discontinuation [26] . Likewise in our study, 'Have experienced or worry about potential side effects' was identified as the third most common barrier to NUC adherence. This illustrates a misconception about NUCs; even though treatment of CHB can often be life-long, NUCs are generally safe and well-tolerated by patients [42] . Furthermore, a large number of patients cited 'Do not want others to know about my medication(s) usage' as a perceived barrier. In China, patients with CHB are living under a great amount of emotional distress and often face discrimination in life and work. Although HBV check-ups for employment and school enrollment have been banned since 2010, some employers still request job applicants to disclose HBV test results [43] . As a result, fear of disclosing HBV status may have negatively affected adherence to treatment. Therefore, with the help of psychiatrists and clinical psychologists, it would be beneficial to identify patients with psychological and emotional issues and offer the appropriate counseling, which would consist of alleviating emotional stress, overcoming fear, managing crises, and giving encouragements. Furthermore, 'Ran out of pills and do not have time to refill', 'Feel better already and do not think it is necessary to continue' and 'Multiple medications are taken daily, difficult to track dose' were other barriers that had an impact on NUC adherence. Nevertheless, these barriers were not cited as common reasons for skipping NUCs reported by Giang et al. [18] .
This study is subject to certain limitations that should be addressed. One of the limitations is that because we utilized convenience sampling method, there is possibility that sampling bias was introduced and this may limit the external validity of the study's results. In comparison to population-based probability sampling, convenience sampling produces estimates that are more generalizable to the sample studied, whereas results produced from populationbased sampling could yield more representative estimates of the target population [44] . Furthermore, as a cross-sectional study, significant association between the factors of interest and outcome can be difficult to interpret, and causality cannot be established as correlation does not imply causation. For instance, noncirrhotic status was a significant predictor of high adherence, but it is difficult to determine whether this was because better NUC adherence served to prevent adherent patients from developing cirrhosis, or that patients without cirrhosis tend to have better adherence. Additionally, a meta-analysis consisting of studies on NUC adherence indicated that studies rely on patient self-report may to subject to overestimation when compared to secondary studies using data from pill count and pharmacy refill claims [11] . The potential inflation in reporting may be a result of reporting bias. Last, since China is a culturally and economically diverse nation, findings generated from this study are subject to geographical limitations and should be taken into account when making application of the results in different parts of the world as well as in different regions of China.
Conclusion
The finding of poor medication adherence among Chinese patients taking NUCs should generate public attention, and calls for healthcare providers to work collaboratively with researchers and community health leaders to develop more effective interventional methods to improve NUC adherence. These interventional programs should target patients from rural regions, patients with low socioeconomic status, cirrhotic patients, and patients prescribed with multiple medications. Additionally, patients with severe emotional distress or at risk for mental disorders should be identified and be provided with professional counseling to cope with social and psychological issues. Further studies should focus to investigate the efficacy and impact of medication adherence on viral suppression, and the rate of adherence needed to prevent antiviral resistance in Chinese patients with CHB.
